Potassium tantalate with perovskite structure (KTaO 3 ) is an incipient ferroelectric material that has promising functions in electromechanical and sensing sectors. Potassium tantalate with pyrochlore structure (K 2 Ta 2 O 6 ) appears promising in a photocatalystic field. Potassium tantalate powders and bulks were fabricated at high temperature such as over 400 C from Ta 2 O 5 and KOH. A sheet of tantalum was hard to react with potassium hydroxide in the mild hydrothermal condition at 100-150 C and low alkaline concentrations (0-2 M). Pyrochlore potassium tantalate film was synthesized with a mild hydrothermal method (100-150 C) at short reaction time by using a sputtered tantalum substrate on ITO glass. Synthesis of this film employed significantly low concentrations of KOH solution (0.1-1 M). The potassium tantalate film fabricated by the hydrothermal condition of 0.5 M-KOH solution, 100 C and 3 h reaction time was a smooth surface and became transparent. The particle size of this film was 150 nm. [
Introduction
Potassium tantalate are interested for applications in high temperature resistance materials, photocatalyst, and capacitor dielectric materials. Potassium tantalate can be obtained by several methods such as chemical solution deposition, 1) sintering or calcining 2) and hydrothermal process. [3] [4] [5] [6] In recent years, a hydrothermal electrical synthesis method is used well in the creation technology of the thin film for electronic material such as a capacitor. This method is used in supercritical or subcritical condition with an aqueous solution at the temperature of 374 C or over. On the other hand, hydrothermal synthesis in the condition of a low temperature such as 100-200 C is called mild hydrothermal synthesis method, 7) the nanocrystals were fabricated using this method. [8] [9] [10] This synthesis method belongs to called soft solution processing, [4] [5] [6] concerning the fabrication of pure, shaped, sized and oriented ceramic materials in a solution.
Materials used as humidity sensors are ceramic, polymer and composite. Compared with other materials, the humidity sensors based on porous or high surface area ceramics skin have received much attention due to their chemical and physical stability. Porous ceramics such as Al 2 O 3 and Ta 2 O 5 has the potential of detecting humidity concentrations down to 1 ppm. The fabrication of humidity sensors employing an Au-porous Al 2 O 3 -Ni structure with reactively evaporated Al 2 O 3 films as porous dielectrics is described. 11) Tantalates of ATaO 3 of A 2 Ta 2 O 6 has a wide band gap, 2, 12) therefore, the sensor elements using the materials is allow to be thinned and downsized. The purpose of this paper is to investigate the high surface area ceramics films based potassium tantalate oxide by a hydrothermal electrochemical method.
Experimental Section

Preparation of thin films
Tantalum films were deposited on ITO glass substrate (Kinoene-k Co.) as reaction layer using a simple magnetron sputtering equipment. ITO glass substrates were cleaned in acetone and commercial glass cleaner (semicoclean56 Furuuchi-chemical Co.) followed by through rinsing by distilled water. A tantalum target of 99.95% purity was sputtered in argon plasma to produce 30-50 nm thickness tantalum films. The thickness was verified, as measured by comparing a deposited to non-deposited area using TOPOMETORIX TMX-1010 atomic force microscope (AFM). The flow of 99.999% argon gas was controlled using the standard cc/min mass flow controllers. The base pressure in the sputtering chamber was low vacuum pressure of 3 Pa. The working pressure was hold at about 3.5 Pa. Substrates were not heated intentionally, however the substrate temperature were about 35-40 C during the sputtering.
The reagent used in the hydrothermal synthesize was potassium hydroxide (>86:0%, Kanto Chemical Co., Inc) aqueous solution. A 10 mm square of the tantalum deposited on the ITO glass and 50 cc of 0.3-0.5 M KOH aqueous solution were together put into the Teflon container with steel jacket (autoclave). The autoclave has 75 cc capacities. The hydrothermal reaction was carried out at 100 C with autogenously pressure inside the autoclave.
Characterization
Phase and crystallization in the products on the ITO glass plate were investigated using PANalytical, X'pert MRD X-ray diffraction system (XRD) with Cu-K radiation. Surface morphology was observed by optical microscopy and JEOL JSM-6700F field emission scanning electron microscope (FE-SEM) with JED-2200 energy dispersive X-ray spectrometer (EDX). Depth profiles of film were observed using Horiba GD-profiler2 glow discharged spectrometer (GDS).
Results and Discussion
XRD patterns of (a) ITO/glass, (b) Ta/glass and (c) Ta/ ITO/glass were shown in Fig. 1 . In the case of sputtered Ta on the glass or ITO glass, Broad peaks of Ta film were observed, respectively. Figure 1(c) shows that the sputtered Ta film was influenced by ITO glass substrate when compared with Fig. 1(b) and (c). Figure 2 shows XRD patterns of the samples synthesized in hydrothermal condition with 0.5 M KOH aqueous solution at 100 C. In the case of reaction time for 3 h or longer, the peaks differed from ITO or sputtered Ta peaks were obtained clearly. For longer reaction time, the peaks of K 2 Ta 2 O 6 shift to high angle side. This could be considered, as a crystal of the sample grown, the samples had oxygen lattice defects or the element of small ionic radius such as a potassium ion displaces excessively. Therefore, It is a highly possible that the longer reaction samples had a pyrochlore structure, but differ in the composition of K 2 Ta 2 O 6 . Figure 3 shows WDX elemental analysis of the sample synthesized for 5 h. Constituent elements of tantalum, oxygen and potassium were detected. The detection of potassium indicates that reaction was actually started at short reaction time as 1 h. Potassium tantalates were synthesized onto ITO glass from the XRD and WDX results. XRD patterns show pyrochlore type potassium tantalate. Figure 4 shows SEM micrograph of the sample synthesized for several reaction times. The aggregate of 50 nm sized crystallite was observed in each case. A particle size was 120 nm from microscopic observation for the sample of 1 h reaction time. In the case of the sample synthesized for 3 h, these particles are more dense and sharper than the sample produced for the 1 h. These particles are crystallized potassium tantalate as determined from the XRD results. A particle Intensity, I / arb. unit 2 Theta, / °θ 
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T. Hashizume, A. Saiki and K. Terayama size was 150 nm from microscopic observation for the 3 h. In this case of the sample synthesized for 5 h, these particles are the densest in the three conditions, however, cracks are observed in the sample. The longer the reaction time is, the larger the particle size becomes. The sample contained cracks synthesized above 5 h. Crack formation is regarded as due to tensile stress in plane at cooling and dehydration. Crystallite size of the samples was little change for the 1, 3, 5 h sample, although, particle size of the sample increased.
As a result of calculating by Williamson Hall plot 13) using peaks detected at condition of a normal scan and scanning range of 60-110 C for long time. Crystallite size was calculated to about 50 nm by cos
where is the integral breadth and the reciprocal of the intercept gives an estimate of the apparent size " of coherently-diffracting domains and the slope of plots is a measure 2 of micro-strain of a tensile stress. Figure 5 shows AFM images of the film surface and surface area measurement. The film surface synthesized for 3 h was rougher than that of 1 h. Therefore, the specific surface area became larger with the additional synthesis time. For the 5 h reaction time, particles became grower with respect to each increasing of reaction time, and particle sizes were much larger, although the specific surface area was decreased by covering wide area of the basic substrate with the particles. Micro cracks occur on surface due to volume expansivity.
Conclusions
Using sputtered tantalum film, pyrochlore type potassium tantalate thin film was successfully synthesized on ITO glass substrate by the hydrothermal method. Therefore, potassium tantalate was synthesized for 2 h of reaction time, as indicated by the XRD. Above of reaction for 5 h, cracks were observed on the surface. As a crystal grown, lattice defect became large. The film had cracks due to tensile stress in plane and dehydration. Therefore, the preferable reaction time for synthesis of potassium tantalate film on ITO glass substrate was about 3 h. This method contributes to successfully synthesis in low alkaline concentration at low temperatures and by inexpensive means.
